Fiddler crabs demonstrate a wide range of simple and complex behaviors in both mating strategies and defense mechanisms. During investigation, five species of fiddler crabs were observed engaging in immobility or catatonic behaviors after being turned upside down. While crabs were observed in a rigid, immobile posture for mean ranges of 45-171 seconds, several crabs were recorded to remain immobile for more than two hours. Fiddler crabs are often preyed upon by birds that use crab movement as a cue. Other crustacean species, such as lobsters, have been observed in this upside-down, immobile position after having their abdomens rubbed. Consequently, immobility may be an anti-predator strategy when escape is not feasible or a byproduct of tactile stimulation.
INTRODUCTION
Fiddler crabs (genus Uca) are found all over the world in tropical and temperate bays, estuaries, marshes, and mangroves and serve as an important part of the ecosystem in those areas (Crane, 1975) . Predators of the fiddler crab include raccoons, birds, fish, and larger crabs (Teal, 1958) .
Many organisms have developed chemical, morphological, and behavioral anti-predator mechanisms. In the fiddler crab, the most obvious predator defense is the dominant enlarged claw of the males. While the large cheliped is used for waving to attract a female for mating, it is also used as a defense mechanism when challenged by other male crabs or a predator (Crane, 1975) . While the large claw serves as a mechanical deterrent, there are many anti-predator behaviors that fiddler crabs may utilize to avoid predation. Visual and auditory cues play a major role in avoiding predation, as fiddler crabs will flee into their burrows at the detection of a shadow, movement, or loud noises (Land and Layne, 1995) . Chemical cues from natural predators have also been shown to elicit an avoidance behavior (Chiussi and Díaz, 2002) . In the presence of a predator, fiddler crabs may also form herds to avoid predation (Pratt et al., 2002) .
Thanatosis is a rigid, immobile posture in the presence of a predator. This behavior, also described as ''playing dead'' and feigning death, has been documented in numerous species including insects, spiders, birds, and mammals (Immelmann and Beer, 1989) . For those species whose predators rely on movement for effective capture of prey, thanatosis may serve as the last effort to avoid being eaten after all other maneuvers and behaviors have been tried (Immelmann and Beer, 1989) . A catatonic state was observed in a rock crab, Heterozius rotundifrons, when tactile stimulus was applied (Hazlett and McLay, 2000) . Visual shadows and alarm odors seemed to increase the time spent in a catatonic position.
An initial observation of an immobile position in Uca pugnax was a serendipitous finding while collecting. After a crab was extracted from its burrow, it latched onto the hand of the collector and was consequently thrown into the collection bucket containing mud. Having landed on its back, the crab remained immobile for several minutes. That accidental observation spurred an investigation into some laboratory and field studies.
MATERIALS AND METHODS
The crabs were placed on their backs and gently pushed into their native sediment, either mud or sand, and held in place for a few seconds. Time was recorded until the organisms fully righted themselves, with an upper limit of five minutes. Any crabs remaining upside down longer than five minutes were recorded as five minutes. During the laboratory experiments, the container of sediment was placed on a high laboratory bench, and the observer sat quietly on a laboratory chair during the entire experiment. The observer always sat a few feet away after the crab was placed upside down in the sediment. The experiments were conducted in a small room where there was no disturbance from noise or sound. The procedure was performed in the laboratory for Uca pugnax and Uca pugilator and in the field for three Indonesian species, from the island of Kaledupa, southeast Sulawesi, Uca chlorophthalmus, U. vocans, and U. tetragonon. Both males and females were used. Sample sizes are shown in the table below. During the collection process for Uca pugnax, there were no females captured and therefore they were not included in the experiment. To determine whether handling time prior to placing the crabs in the sediment had an effect on immobility time, a separate experiment was conducted using a 30-second and five-minute handling time.
RESULTS
Some, but not all, individuals of all five species of fiddlers engaged in the feigning death behavior. The frequency of this behavior in U. pugilator males was 35% for males and 33% for females. In U. pugnax, males engaged in this behavior 29% of the time (Table 1 ). The amount of time spent in this position for those that engaged in this behavior ranged on average from 45 seconds to 171 seconds (Table  2) . Although the methods included an upper limit of 300 seconds, several U. pugilator were observed to remain in the position for more than two hours. Uca pugnax had the shortest mean time of 45 seconds, whereas U. chlorophthalmus had the longest mean time of 171 seconds. Differences in mean times may be related to the age or size of the crabs and the technique of the handler.
A difference in the position of the immobility behavior was observed among the species of fiddlers studied. The Indonesian fiddlers tended to bring their legs inward. While U. pugnax were observed occasionally pulling in their legs, U. pugilator usually kept their legs expanded outwards (Figure 1) .
A t test was conducted on data obtained from a 30-second and 5-minute handling time. There were no significant differences in immobility time between a handling time of 30 seconds versus 5 minutes (P ¼ 0.863).
DISCUSSION
The immobility behavior may protect the crabs from predation. Common shore birds such as sandpipers, plovers, terns, sanderlings, and egrets are known to feed on fiddler crabs. Avian predators often respond to movement and have been seen intensely feeding at low tide as the juvenile fiddler crabs are washed out with the retreating waves (Boshe, 1982) . Predation can be reduced if crabs remain motionless. However, some species of birds have also been noted to feed on dead crabs, and therefore immobility might not be a deterrent for those species of birds.
The carapace of U. chlorophthalmus is bright red, whereas its underside is dark, which blends in with the surrounding mangrove mud when individuals are upside down. However, this camouflage may not work with all species of fiddler crabs, as some have a lighter colored abdomen than their background. Nishino et al. (1999) describe two thanatosis conditions in the cricket Gryllus bimaculatus which can persist for four minutes. By pressing on the abdomen, the cricket will either engage in ''flexed-leg thanatosis'' with the legs bent inward or ''extended-leg thanatosis'' with the legs stretching outward. The fiddler crabs demonstrated similar immobility positions, with the Indonesian crabs tending to bring their legs inward and U. pugnax and U. pugilator tending to extend their legs. For those species that keep their appendages extended, there may be another advantage. Avian predators have a preference for juvenile fiddler crabs (Boshe, 1982) , but they are also selective for size in adult crabs. Avian predators consistently avoid fiddler crabs larger than a certain size, most likely because of an inability to swallow large crabs (Backwell et al., 1998) . By extending the appendages, the crab can increase its apparent size, deterring the predator. By keeping the chelipeds and legs rigid, they could also effectively act as spikes keeping predators from closing their mouths. On the other hand, holding the legs bent inwards may serve to protect vital organs from the predator. Alternatively, the immobility behavior may be a by-product of abdominal stimulation. This rigid, immobile position has been described in other crustaceans as well. Lobster fishermen have noted the same response when they rub the abdominal muscles of an adult lobster (John Christy, personal communication). Thanatosis in crickets has also been elicited by abdominal muscle stimulation (Nishino et al., 1999) . Perhaps this behavior is simply a consequence of muscle being stimulated when the crab is handled.
Further investigation into this behavior should include more testing of the two hypotheses presented. The mechanism by which this behavior may have evolved is still unclear. Many questions remain as to the benefits or detriments of such a behavior. However, it is important to note that all of the species of fiddlers studied exhibited this behavior and that other crustaceans will demonstrate immobility or freeze responses when turned upside down. n/a n ¼ 28 Fig. 1 . Immobility position observed in Uca vocans.
